Oligonucleotides containing a free sulphydryl group at their 5'-termini have been synthesised and further derlvatised with thiol specific probes. The nucleotide sequence required is prepared using standard solid phase phosphoramidlte techniques and an extra round of synthesis is then performed using the S-trlphenylmethyl O-methoxymorpholinophosphite derivatives of 2-mercaptoethanol, 3-mercaptopropan (T)ol or 6-mercaptohexan(l)ol. After cleavage from the resin and removal of the phosphate and base protecting groups, this yields an oligonucleotide containing an S-triphenylmethyl group attached to the 5'-phosphate group via a two, three or six carbon chain. The triphenylmethyl group can be readily removed with silver nitrate to give the free thiol. With the three and six carbon chain oligonucleotides, this thiol can be used, at pH 8, for the attachment of thiol specific probes as illustrated by the reaction with fluorescent conjugates of iodoacetates and maleiimides. However, oligonucleotides containing a thiol attached to the 5'-phosphate group via a two carbon chain are unstable at pH 8 decomposing to the free 5'-phosphate and so are unsuitable for further derivatisation.
INTRODUCTION
The last few years have seen a tremendous improvement in the methods used to prepare oligodeoxynucleotides. Modern syntheses of oligonucleotides are based on solid phase methods and either the phosphotriester or the phosphoramidite approach (1) . The polymers so prepared have found a variety of uses in both recombinant DNA techniques and in the study of protein nucleic acid interactions. A further development of the above methods is the preparation of oligonucleotides labelled with a biochemically useful group such as biotln or a fluorophore. labelling of DNA fragments with fluorescent dyes has been achieved by the extension of their 3'-ends with 4-thiouridine triphosphate and terminal deoxynucleotidyl transferase and subsequent reaction with ahaloacetamido derivatives of fluorophores (2) . Introduction of biotin has been achieved by using biotin labelled analogues of dTTP which can be enzymatically incorporated into DNA with DNA polymerase (3) . More recently, RNA ligase has been used to introduce a nucleoside phosphorothioate onto the 3'-end of oligodeoxynucleotides (4) . The sulphur atom in the phosphorothioate group was then further derivatised with electrophilic fluorescent agents such as monobromobimane. Alternatively, fluorescentally labelled nucleoside phosphorothioates could be directly attached to the 3'-end of DNA with RNA ligase.
In a more general approach, an oligonucleotide 5'-phosphate was reacted with a water soluble carbodiimlde in an imidazole buffer (5) . The resulting phosphoroimldazollde could be further derivatised with amines to give a phosphoramidate. Performing this reaction with 1,2 diaminoethane yielded a DNA fragment containing a free amino group at its 5'-end. Clearly this amlno function can be used for further derivatisation with biochemically useful probes.
This latter publication has prompted us to describe our efforts to synthesise deoxyoligonucleotides containing a free thiol group at their 5'-termini. Thus this paper describes the preparation, purification and characterisation of oligonucleotides containing a sulphydryl group and their further derivatisation with thiol specific fluorescent reagents to give fluorescentally labelled oligonucleotides.
MATERIALS AND METHODS
Triphenylmethylmercaptan was obtained from Aldrich, Europe (Nettetal, West Germany). 2-Bromoethanol, 3-bromopropan(l)ol and 6-chlorohexan(l)ol were obtained from Aldrich and were redistilled using a water pump before use. Nlodoacetyl-N'-(5-sulphc-l-naphtyl) ethylenediamine (1,5-I-AEDANS) was purchased from Sigma (Poole, England). N-(l-analinonaphthyl-4)maleiimide (ANM) was the product of Serva (Heidelberg, West Germany). Nuclease PI was obtained from Sigma and snake venom phosphodiesterase was purchased from Boehringer Mannheim (Mannheim, West Germany).
Thin layer chromatography (tic) was performed on silica gel 60 F 254 plates (Merck, Darmstadt, West Germany) with the solvents indicated and compounds detected under short wavelength U.V. light.
H NMR spectra were recorded on a Bruker WP2OOSY spectrometer operating at 200 MHz. Samples were dissolved in CDC1 3 containing a few drops of CD3OD and tetramethylsilane was used as reference. P NMR spectra were measured on the same instrument operating at 81.Ol MHz and with H broad band decoupling. Samples were dissolved in CDC1.J containing 1O% triethylamine and 85% H.PO. was used as reference. Chemical shifts are given in parts per million and are positive when downfleld from the appropriate standard. High pressure liquid chromatography (hplc) was performed on a Varian 5000 liquid chromatograph fitted with a Varian UV-50 variable wavelength detector (set to 26O nm) . Analytical hplc was performed us-ing a reverse phase column (230 ram x 4.6 mm) filled with SilOO-Polyol-RP18
(particle size 5 urn) supplied by Serva. Preparative hplc was performed with a column of dimensions, 500 mm x 9.5 ram filled with the same resin. Two buffer systems were used, the first consisting of 100 mM triethylammonium acetate, pH 6.5, containing 5% acetonitrile (A) and 100 mM triethylammonium acetate, pH 6.5, containing 75% acetonitrile (B) (t = 0 min, 10% B; t -30 min, 80% B; t -40 min, 1OO% B). This buffer system was used to: (1) purify S-trityl containing oligonucleotides; (2) monitor the deblocking of S-trltyl containing oligonucleotides with AgNO 3 ; C3) monitor the attempted deblocking of S-trityl containing oligonucleotides with acids and iodine; (4) study the effects of iodine, used to convert phosphite to phosphate groups during oligonucleotide synthesis, on the S-trityl function; (5) Preparation of S-Trityl-2-Mercaptoethanol, S-Trityl-3-Mercaptopropan(l)ol and S-Trityl-6-Mercaptohexan(1)ol Sodium hydroxide (4.4 g, 110 mmol) was dissolved in 25 ml of water, and added to a solution (27.6 g, 1OO mmol) of triphenylmethylmercaptan in ethanol.
2-Bromoethanol (7.8 ml, 110 mmol) or 3-bromopropan(l)ol (9.9 ml, 110 mmol) or 6-chlorohexan(l)ol (12.5 ml, 110 mmol) were added to prepare the ethyl, propyl and hexyl derivatives respectively. The reactions were complete in 30 min, as judged by tic (eluent CHCly R f of starting material 0.9, R f of products =O.3). The mixtures were passed through a number 3 glass frit to remove the precipitates formed and solvents removed by evaporation at a water pump. The products obtained were redissolved in 250 ml of CHC1, and extrac-ted with 3 x 250 ml of H-O. The organic phases were dried over Na.SO and evaporated to dryness. were dried overnight, in vacuo, over phosphorus pentoxide and dissolved in 25 ml of CHjCl. (freshly passed over a short column of ba3ic alumina) in 50 ml round bottomed flasks. N-ethyldiisopropylamine (7.6 ml, 40 mmol) was added and the flasks sealed with a rubber septum and cooled on ice. Methoxymorpholinochlorophosphite (l.S ml, 12 mmol) was slowly added via a syringe, while maintaining the mixtures at a low temperature by gentle agitation in an ice bath. When addition was complete (10 min) the mixtures were left on ice for a further 15 min after which tic showed the reactions to be finished (eluent petroleum ether 9, triethylamine 1; R. of starting material 0.3, R f of products 0.45). The solutions were poured into 50 ml of ethylacetate (previously washed with 5* NaHCO.,) and extracted with 2 x 50 ml of 5% NaHCOj and 2 x 5O ml of saturated NaCl. The ethylacetate phases were dried over Na_SO. and evaporated to an oil. The crude products were redissolved in a small volume of petroleum ether (9)/triethylamine (1). Occasionally, a small amount of CHjClj had to be added to completely dissolve the products. 
Oligonuclaotlde Synthesis
Oligonucleotides were prepared using a solid phase phosphoramidite method.
Appropriately derivatised fractosil was used as the solid support (7) in conjunction with protected nucleoside 3'-methoxymorpholinophosphites (8, 9) . A fritted syringe was used as the reaction vessel (10) . Most syntheses were performed using 50 mg of resin containing about 2.5 ymol of bound first nucleoside. The protocols used have been described in detail (11) The crude S-trityl containing oligonucleotldes were then purified by hplc and reduced to a small volume by rotary evaporation. After this purification, all the S-trityl containing products were greater than 90% pure a8 determined by analytical hplc. No further purification was attempted at this stage.
Removal of S-Trltyl Groups from Oligonucleotides
The S-trityl containing oligomer, in trlethylammonium acetate buffer, pH 6.5, following hplc purification, was treated with a five-fold excess of AgNO^. After 30 min a seven-fold excess of dithiothreitol was added and the precipitated Ag salt of dithiothreitol removed after a further 30 min by centrlfugation. The reaction was monitored by hplc and appeared to proceed both quantitatively and without side reactions. Greater than 90% of the deblocked ollgonucleotide remained in the supernatant after the centrlfugation step, as judged by absorption at 254 run. Usually the thiol containing oligonucleotide was not purified but used immediately for further derivatisation after reduction to a small volume by rotary evaporation. Alternatively, this product could be stored frozen at -20 C for months with no decomposition.
Labelling of Thiol Containing Oligonucleotldes with Reactive Fluorophores
Thiol containing oligonucleotides in triethylammonium acetate buffer, pH 6.5, were mixed with an equal volume of 5% NaHCO-j. The pH of the reaction mixture should be 8 and additional NaHCO 3 is added if necessary. It should be noted that the oligonucleotide solution will contain approximately 4 equivalents of sulphydryl groups arising because an excess of dithiothreitol was used to precipitate Ag in the preceding step. The thiol specific fluorescent probe (5.5 equivalents) was then added in an equal volume. 2.5% ŝ olution was used to dissolve 1,5-1-AEDANS and acetone was utilised for ANM.
The reactions are usually complete in 30 min as monitored by hplc, although a further aliquot of electrophile must sometimes be added to ensure complete reaction. A control consisting of the reaction of the thiol specific probe with dithiothreitol was always performed. Analysing the products of this control experiment by hplc allows one to distinguish between peaks due to free fluorophore and its conjugates with dithiothreitol and the desired fluorescentally labelled oligonucleotide. On completion of the reaction, the products were purified by hplc, evaporated to drynes3 and redlssolved in a small volume of water. The yields of product were always greater than 85% and all products appeared greater than 98% pure as determined by hplc. The fluorescence spectra of 1,5-I-AEDANS derivatives showed X values 340 and 346 nm max (excitation spectra) and 502 and 480 nm (emission spectra) in buffers A and B respectively. For ANM labelled oligomers, values of 355 and 357 (excitation spectra) and 470 and 465 (emission spectra) were observed in buffers A and B.
ANM derivatives were weakly fluorescent in buffer A and high concentrations were needed to obtain measurable spectra.
Analysis of Ollgonucleotldes Following Nuclease PI and Snake Venom Phosphodiesterase Digestion
Typically 2 O.D units of an oligonucleotide was dissolved in 1OO yl of zbO 50 mM Hepes-KOH, pH 7.5, and treated with 50 ng of nuclease PI for 30 min.
The 5'-mononucleotldes formed were analysed by hplc as detailed above. When a further digestion was to be carried out with snake venom phosphodiesterase, MgCl 2 was added to a final concentration of 2 mM followed by 25 pg of the enzyme. The reaction was left for a further 5 hr and then analysed by hplc.
In the cases where S-trityl containing oligomers were digested with this phosphodiesterase, the water insoluble S-trityl aliphatic alcohol produced, was removed by centrifugation. The water soluble 5'-mononucleotides were identified by hplc as normal. The precipitated S-trityl alcohols were redissolved in 100 pi of acetonitrile and identified by tic (eluent CH 2 C1 2 9.9, CH 3 0H 0.1). The reactions of the S-trityl aliphatic alcohols with the phosphitylating agent proceeded cleanly as monitored by tic and the products formed could be purified by flash chroroatography on silica gel. However, problems were encountered in obtaining these products in a solid form. Protected nucleoside 3'-methoxymorpholinophosphites, can be obtained in powder form by precipitation into cold petroleum ether (8, 9) . However, the S-trityl O-methoxymorpholinophosphite compounds prepared here were soluble in petroleum ether and thus could not be precipitated from it. Similar results were obtained with a variety of other organic solvents. Attempts to obtain solids by continual drying of the products under high vacuum only resulted in clear oils. It was found that both S-trityl O-methoxymorpholinophosphite -2-mercaptoethanol and -3-mercaptopropan(l)ol could be recrystallised from a diethylether/triethylamine mixture. These two products usually appeared pure as determined by tic and P NMR, although occasionally impurities (up to 10%) probably due to adventitous hydrolysis of the phosphite function were present. These contam-inants did not seem to affect subsequent oligonucleotide synthesis. The yields obtained, usually 30%, were somewhat unsatisfactory and the main reason for these low figures were losses on recrystallisation. However, in our opinion, these low yields are more than offset by the advantages of working with solid compounds. We have been unable to recrystallise S-trityl 0-raethoxymorpholinophosphite 6-mercaptohexan(l)ol. This product was stored at -2o°C in diethylether containing 2% triethylamine and was stable for months under these conditions. The purity of this derivative as assessed by tic and P NMR was similar to the two crystalline compounds obtained above. Yields were higher (6O-7O%), reflecting the lack of a recrystallisation step. Aliquots of this compound must be dried down by rotary evaporation before use in solid phase oligonucleotide synthesis. This procedure is somewhat inconvenient but does not seem to lower the yields of final products obtained.
Stability of the S-Trityl
Initially, we prepared trityl-S-(CH 2 ) x PO 4 -C and trityl-S-(CH 2 ) x PO 4 -AGTC eluting peak and as-this synthesis involves only one coupling step very little early eluting failure sequences would be expected. The AGTC derivative shows a late eluting peak corresponding to the desired product and failure sequences at about 5 min. The product can clearly be easily separated from these impurities by hplc.
In order to characterise these products we have used enzymatic digestion with nuclease PI and snake venom phosphodiesterase followed by analysis of the products formed by hplc and tic. Sequencing methods, which require a free 5'-OH group for labelling with P, are clearly not applicable in these This peak was collected and further digested with snake venom phosphodiesterase. Once again a precipitate formed which consisted of trityl-S-(CH-) 2 0H for x = 2, trityl-S-(CH^OH for x = 3 and trityl-S-(CH 2 ) 6 OH for x -6. The coproduct of all three reactions was, as expected, dAMP. We have also prepared the trityl-S-(CH 2 > 3 PO 4 derivatives of AGGTCGCCGCCC, GGGCGGCGACCT and GTAAAACGACGGCCAGT. The hplc analysis of the crude seventeenmer is also shown in fig. 2 . Analyses of these oligomers using nuclease Pi gave the four deoxynucleoside 5'-phosphates in the required ratio and additionally a late eluting peak corresponding to the trityl-S-(CH 2 ) 3 PO 4 conjugate of the 5" nucleoside. Once again this peak could be further cleaved with snake venom phosphodiesterase to give trityl-S-(CH 2 > 3 0H and the appropriate deoxynucleoside 5'-phosphate. These enzymatic analyses clearly confirm that the desired oligonucleotides have been prepared. The yields of purified S-trityl containing oligomers (based on the amount of first nucleoaide attached to the resin) were 9O% for the C derivatives, 70% for the AGTC derivatives, 30% for the twelvfflors and 10% for the seventeenmers. We would not like to make too much of these figures but merely say that they are about the same as we observe for normal oligonucleotides of comparable lengths. Thus, the attachment of the S-trityl group has little effect on the final yields of products obtained. This stability of the S-trityl group towards iodine during solid phase synthesis is somewhat surprising in view of its known lability towards iodine under certain conditions (13) and indeed the lability of S-trityl containing oligonucleotides towards iodine in solution (see below). S-trityl cleavage by iodine is known to involve tntermolecular disulphide bond formation between two S-trityl compounds (13) and perhaps this is a steric impossibility while bound to the solid phase.
The key area in this work is the cleavage of the S-trityl bond to give the free thiol. Normal oligonucleotides which contain the O-dimethoxytrityl group can be deblocked by treatment with 80% acetic acid for about 30 min.
However, in view of the greater acid stability of both the trityl as compared to the dimethoxytrityl group (14) and S-trityl as compared to O-trityl functions (15) it seemed unlikely that the S-trityl group would be cleaved with 80% acetic acid. Indeed, when the model compound trityl-S-(CH 2 )^>O 4 -C was treated with 80% acetic acid, no detritylation was observed after 50 hours.
The relative acid stability of the s-trityl function was shown by the fact that the above compound was only cleaved to a 50% extent after treatment with 10% trifluoroacetic acid for 20 hours. Due to the strong possibility of depurination of adenosine residues under these conditions, they are clearly unviable with normal oligonucleotides. There have been reports that S-trityl groups can only be cleaved by acid in the presence of a trityl cation scavenger (16) . This arises because, although under acidic conditions, the S-trityl bond is cleaved, the removal of the acid causes the reformation of the starting material. However, performing the above acid deblocks in the presence of a large excess of 2-mercaptoethanol did not change the results seen.
As mentioned above, it is known that s-trityl functions can be cleaved with iodine to yield the appropriate disulphide compound (13) . Clearly this disulphide can be reduced to the free thlol with, for example, dithiothreitol. When trltyI-S-(CH 2 ) 2 PO 4 -AGTC was treated firstly with iodine at pH 6.5
and then with dithiothreitol at pH 8, only pAGTC was produced. The identity of this pAGTC was confirmed both by coelution with a standard on hplc and by nuclease PI digestion. This can be rationalised by iodine catalysed formation of the disulphide (-S-(CH 2 > 2 PO 4 -AGTC) 2 followed by dithiothreitol reduction to the thiol SH-(CB 2 > 2 PO 4 -AGTC. As outlined below this compound is unstable at pH 8 (this pH was selected to promote rapid thiol exchange) and
gives the 5'-phosphate derivative pAGTC. When trityl-S-(CH 2 >,PO.-AGTC was treated with iodine and dithiothreitol, a product was quantitatively prod- two stages. In the first, the AgNO, removes the trityl group and forms the silver salt of the thiol. The free thiol has usually been obtained by bubbling with HjS and removing the insoluble Ag 2 S formed by centrifugation (18, 19) . However, we have found it more convenient to remove the silver by the addition of a small excess of dithiothreltol to give the insoluble silver dithiothxeitol complex. As can be seen from fig. 3 , this deblocking appears to be quantitative and furthermore very little product was lost during the This is possibly due to sequestration of the Ag by complexation to phosphate groups and heterocyclic bases.
The AgNO, deblocking was carried out at pH 6.5 and the thiol containing oligonucleotides obtained were stable at this pH value. Clearly, the further reaction of this thiol group with electrophlles will be more rapid at pH 8.
However, when SH-(CH 2 ) 2 PO 4 -AGTC The small peak at t « 8 min is the starting oligonucleotide while that at t -9 min is the product. The peaks indicated with a cross represent 1,5-I-AEDANS breakdown products and its conjugates with dithiothreitol; IB, the oligonucleotide 1,5-I-AEnANS conjugate from IA after purification; 2A, the products formed from the reaction of SH-(CH 2 )3PO 4 -AGGTCGCCGC with ANM. The small peak at t = 8 min is starting oligonucleotide while that at t -13 min is the product. The small peak marked with a cross at t ° 4 min is an ANM derived breakdown product whereas the large peak at t «• 5 min is acetone. A number of later eluting peaks due to ANM breakdown products and its conjugates with dithiothreitol were also observed; 2B, the oligonucleotide ANM conjugate from 2A after purification. 
CONCLUSIONS
The protocols described ±n this paper should enable anyone conversant with oligonucleotide synthesis to prepare oligomers containing a free thiol group and use this function to attach a variety of thiol specific probes. Although we have used exclusively phosphite chemistry, the various S-trityl mercaptoallphatic alcohols described here should also be amenable to the phosphotriester approach. Two main uses are envisaged for the conjugates described herein. The first is in the study of protein nucleic acid interactions. The second is to attempt to replace P-labelled oligonucleotide hybridisation probes, with fluorophoric or chromophocLc species. He are currently pursuing research in both these areas.
